Abstract The developmental ability and gene expression pattern at 8-to 16-cell and blastocyst stages of buffalo (Bubalus bubalis) nuclear transfer (NT) embryos from fetal fibroblasts (FFs), amnion mesenchymal stem cells (AMSCs) and in vitro fertilized (IVF) embryos were compared in the present studies. The in vitro expanded buffalo FFs showed a typical ''S'' shape growth curve with a doubling time of 41.4 h and stained positive for vimentin. The in vitro cultured undifferentiated AMSCs showed a doubling time of 39.5 h and stained positive for alkaline phosphatase, and these cells also showed expression of pluripotency markers (OCT4, SOX2, NANOG), and mesenchymal stem cell markers (CD29, CD44) and were negative for haematopoietic marker (CD34) genes at different passages. Further, when AMSCs were exposed to corresponding induction conditions, these cells differentiated into adipogenic, chondrogenic and osteogenic lineages which were confirmed through oil red O, alcian blue and alizarin staining, respectively. Donor cells at 3-4 passage were employed for NT. The cleavage rate was significantly (P \ 0.05) higher in IVF than in FF-NT and AMSC-NT embryos (82.6 ± 8.2 vs. 64.6 ± 1.3 and 72.3 ± 2.2 %, respectively). However, blastocyst rates in IVF and AMSC-NT embryos (30.6 ± 2.7 and 28.9 ± 3.1 %) did not differ and were significantly (P \ 0.05) higher than FF-NT (19.5 ± 1.8 %). Total cell number did not show significant (P [ 0.05) differences between IVF and AMSC-NT embryos (186.7 ± 4.2, 171.2 ± 3.8, respectively) but were significantly (P \ 0.05) higher than that from FF-NT (151.3 ± 4.1). Alterations in the expression pattern of genes implicated in transcription and pluripotency (OCT4, STAT3, NANOG), DNA methylation (DNMT1, DNMT3A), histone deacetylation (HDAC2), growth factor signaling and imprinting (IGF2, IGF2R), apoptosis (BAX, BCL2), metabolism (GLUT1) and oxidative stress (MnSOD) regulation were observed in cloned embryos. The transcripts or expression patterns in AMSC-NT embryos more closely followed that of the in vitro derived embryos compared with FF-NT embryos. The results demonstrate that multipotent amnion MSCs have a greater potential as donor cells than FFs in achieving enhanced production of cloned buffalo embryos.
Introduction
State of donor cells is one of the most significant factors for cloning efficiency (Kato and Tsunoda 2010) . Many attempts have been made to establish the most competent donor cell type, especially for the mouse. Compared to somatic cells, murine embryonic stem (ES) cells give higher cloning efficiency in terms of live offspring (Wakayama et al. 1999) . No significant dissimilarity was observed in the cloning efficiency of mice when somatic and nuclear transfer-ES (NT-ES) cells were used as donor cells for cloning (Wakayama et al. 2005) . However, an infertile mouse was successfully cloned using NT-ES cells as donor (Mizutani et al. 2008) . Although ES cells can be successfully used for NT in mice, this process is limited in other species because definitive ES cells have not been established so far. The ES cells competent of generating germ line chimeras have not been obtained in farm animals. The pluripotent nature of these cells is not well defined and based only on expression of pluripotency markers defined for mice and human ES cells which could be ambiguous (Munoz et al. 2008) . Thus investigation on other somatic stem cells used in NT is necessary. Some researchers reported that use of undifferentiated donor nuclei is effective for generating cloned animals (Cheong et al. 1993; Hiiragi and Solter 2005) . Compared to somatic cells, porcine stem cells give higher cloning efficiency in terms of in vitro and in vivo developmental ability of cloned embryos (Zhao and Zheng 2010) . These results suggest that the undifferentiated state of donor cells may increase the cloning efficiency. There have been only a few published reports about the results of donor cell types on the development potential of cloned buffalo embryos, since the generation of the first cloned buffalo (Shi et al. 2007 ). The blastocyst formation of embryos derived from cumulus cells was higher than those of embryos derived from fetal fibroblast or adult fibroblast (Shah et al. 2009 ). The donor cell types, adult fibroblast, fetal fibroblast or cumulus cells had similar ability to support cleavage and embryo development . The adult fibroblast derived from ear pinna and NT-ES cell-like cells derived from cloned blastocysts generated using this adult fibroblast as donor cells, when used for NT, gave almost similar cleavage and blastocyst rates (George et al. 2011) . These results show that more research is required to search a better donor cell type which can support cloned embryo production with better pregnancy rate and development to the term of cloned buffalo embryos in spite of the poor viability of buffalo NT embryos, with an exceptionally low rate of cloned buffalo calf production.
Evidence indicates that the use of bone marrow mesenchymal stem cells (BM-MSCs) as nuclear donors in somatic cell nuclear transfer (SCNT) increases the embryonic developmental rates of cloned domestic animals such as pigs and bovine (Colleoni et al. 2005; Lee et al. 2010) . Although BMMSCs represent the most widely investigated mesenchymal stem cells for application in nuclear transfer to date, these cells have more limited potential than embryonic stem cells in terms of both in vitro proliferation ability (about 32 days for expansion between isolation and implantation) and target differentiation capacity (Guest et al. 2010) , and thus do not appear to improve long-term functionality noticeably (Paris and Stout 2010) . Meanwhile, human BM-MSCs show reduced plasticity and growth with increasing donor age and in vitro passage number (Guillot et al. 2007) . Therefore, progenitor cells derived from extrafetal sources may be alternative candidates with the potential to circumvent many of these limitations, and thus opening new perspectives for developmental biology and regenerative medicine.
It is generally accepted that mammalian amnion is derived from the extra-embryonic endoderm or extraembryonic trophectoderm. The amniotic membrane (AM) is composed of three major layers: a single epithelial layer, an avascular mesenchyme and a thick basement membrane. The compact layer of stromal matrix adjacent to the basement membrane forms the fibrous skeleton of the AM. It is adjacent to the trophoblast cells and lines the amniotic cavity. Amnion can be separated from the underlying chorion, as chorion and amnion are not truly fused at cellular level, because AM has anti-adhesive properties and is felt to promote epithelialisation and decrease inflammation, neovascularization, and fibrosis.The AM has been regarded as a promising source of non-invasive isolation of MSCs, and poses no ethical concerns as fetal membranes are discarded at birth. Advantages of amnion over other sources for stem cells included abundant availability, ethically non-objectionable and non-invasive source. The MSCs from AM (AMSCs) are thought to be in an intermediate stage between embryonic stem cells and lineage-restricted adult stem cells (In't Anker et al. 2004; De Coppi et al. 2007; Gucciardo et al. 2009 ). Recently, Yamahara et al. (2014) reported that mesenchymal stem cells isolated from human amniotic tissue have an angiogenesis potential. In animals, amnion-derived stem cells have potential of differentiation into multilineage mesenchymal cell types in many species such as bovine , canine (Park et al. 2012) , feline (Rutigliano et al. 2013) , chicken (Gao et al. 2012) , rat (Marcus et al. 2008 ) and equine (Coli et al. 2011; Violini et al. 2012; Seo et al. 2013) . Further, the amnion derived MSCs are reported to express certain key pluripotency markers including OCT4 . The in vitro proliferative ability and expression of key pluripotency markers indicate the possibilities of using AMSCs in cloning technique for the agricultural field or for basic research. The gene expression profile demonstrated that certain genes in embryos cloned with MSCs closely resembled those of in vivo counter parts ). The MSC used in those studies were derived from tissues, such as bone marrow which cannot be sourced as easily as amnion tissue due to practical limitations. Term amnion of large animal is an easily available, plentiful, inexpensive and noninvasive source of multipotent MSCs with no ethical concern. Thus, the use of AMSC as nuclear donors is an increasingly interesting option because it may lead to an augmentation in the efficiency of animal cloning.
Therefore the present study was conducted to characterize an isolated population of MSCs from buffalo amnion by assessing their multilineage potential in order to compare the developmental potential and quality of embryos cloned with MSCs and fetal fibroblasts (FFs). To gain more insights into the relation between the state of differentiation and cloning efficiency, the gene expression patterns were also assessed, and compared with those of preimplantation in vitro produced embryos as controls.
Materials and methods

Ethics statement, chemicals and reagents
These studies were conducted in accordance with the guidelines laid down by the Committee for the Purpose of Control and Supervision on Experiments on Animals (CPCSEA) and with the approval from the Institute Animal Ethics Committee (IAEC). All chemicals, reagents, culture media were of cell culture grade and obtained from Sigma Chemical Co. (St. Louis, MO, USA) unless otherwise indicated. Fetal bovine serum (FBS) was from Hyclone (Thermo Scientific, Wilmington, DE, USA), with the same batch used throughout the study. RNase and DNase free tips, centrifuge tubes were from Invitrogen (Carlsbad, CA, USA). Disposable 35 mm 9 10 mm cell culture petri dishes, four-wells multi dishes, sixwell tissue culture plates were procured from Nunc (Roskilde, Denmark). Membrane filters (0.2 lm) were from Pall Life Sciences (Pall Corporation, Ann Arbor, MI, USA). The primers were synthesized by Sigma (P) Ltd. (Delhi, India).
Establishment of fetal fibroblast cells (FFs) culture
Buffalo gravid uteri at 50-100 days gestation were obtained from abattoir, washed 2-3 times with isotonic saline fortified with 400 IU/ml penicillin and 500 lg/ml streptomycin and transported to the laboratory within 6 h. The fetus was located by uterine incision and taken out. The tissue was collected from fetus (n = 6; male = 3, female = 3) and cells were cultured in three replicates for each fetus processed. The fetal sub-dermal biopsies were taken from upper part of foreleg and minced by surgical blade into smaller pieces and washed 4-6 times with Dulbecco's phosphate buffered saline (DPBS). The tissue pieces were transferred on re-calcified buffalo plasma droplets (20 ll) in 25-cm 2 cell culture flasks. After placing the tissue pieces on the drops, it was allowed to coagulate for 30 min at 37°C for the attachment of tissue to the surface of the culture flask. The adhered tissue pieces were cultured in culture medium containing Dulbecco's modified Eagle's medium (DMEM) with 10 % FBS, 2 mM L-glutamine, 1 % (v/v) nonessential amino acids, 1 % (v/v) vitamins, 1 % penicillin/streptomycin/amphotericin (Gibco, Life Technologies, Grand Island, NY, USA) in a CO 2 incubator (5 % CO 2 in humidified 95 % air at 38°C). Cell outgrowth from the tissues was observed on the 4th and 5th days and cells were harvested when their confluence reached approximately 80-90 %. Cryogenic preservation was performed based on the method described earlier by Sadeesh et al. (2014a) . Briefly, cells at exponential growth phase, which had reached approximately 70-80 % confluence, were selected 24 h before cryogenic preservation, and the medium was refreshed. Cells were harvested and viability was checked with trypan blue staining before freezing. A half portion of the cell pellet obtained by centrifugation (2009g, 4°C, 5 min) was re-suspended in pre-cooled (4°C) cryopreservation medium (DMEM supplemented with 1 % non-essential amino acids, 1 % vitamins, 1 % pen/strep/amp, 10 % (v/v) Dimethylsulfoxide (DMSO) and 15 % FBS), stored at -80°C overnight and then transferred directly to liquid nitrogen (-196°C) , whereas the rest of the cells was cultured to grow further from each passage.
Immunocytochemical characterization of fetal fibroblast cells
Immunofluorescence analyses were performed in cultured fetal fibroblast cells based on the procedure described earlier by Sadeesh et al. (2014a) .
Growth kinetics
For the estimation of growth kinetics, FFs were seeded into 24-well plates (1 9 10 4 cells per well). All experiments were performed in duplicate at each time point and cell growth data were recorded until a plateau phase was reached. Determinations were made according to the method described earlier by Liu et al. (2008) . The growth curve was plotted with these data and the population doubling time (PDT) was calculated from the curve.
Isolation and culture of AMSCs
Gravid bubaline uteri of first trimester were collected from abattoir and brought to laboratory within 4-5 h of slaughtering. The uterus was washed using sterile saline and uterine wall was incised under aseptic conditions to expose fetal membranes. Amnion was separated from chorion by peeling. The tissue was disintegrated by partial trypsinization (0.05 % trypsin-EDTA solution, 45 min at 37°C). The cell clumps were allowed to settle for 5 min at room temperature. The cells in suspension were transferred into another tube and cell pellet was obtained by centrifugation at 450 9 g for 10 min. The cells were washed twice with PBS and re-suspended in culture medium (DMEM containing 10 % FBS, 1 % non-essential amino acids, 1 % vitamins, 1 % penicillin/ steptomycin/ampicillin). Cells were seeded at a density of 1 9 10 6 cells/ml in 25 cm 2 cell culture flasks under humidified conditions at 38.5 ± 0.5°C in 5 % CO 2 . After 7 days of culture, the medium was replaced with fresh one, and was subsequently replaced 3 times a week. At 80 % confluence, the flasks were washed to remove dead cells and debris; the cells were harvested with 0.05 % trypsin-EDTA for 5 min at 38.5°C and plated again at 1 9 10 6 /ml. At 70 % of confluence, cells were used for stemness characterization and for differentiation experiments. One half portions of the cells were cryopreserved from passages 3-4 in 10 % DMSO in DMEM supplemented with 30 % FBS using the same cryopreservation protocol as described for FFs, whereas rests of the cells were cultured to grow further from each passage. Passage 3-4 was the last time point included for characterization and differentiation studies.
Growth kinetics
For determining the growth rate of AMSCs, the same culture protocol was used as described for the FFs.
Characterization of AMSCs
Alkaline phosphatase (AP) expression
The cultured cells were subjected to alkaline phosphatase staining using an alkaline phosphatase (AP) staining kit (Sigma, Chemical Co., #86C) as per manufacturers' instructions. Briefly, the medium was removed, and monolayer of AMSCs was washed twice with PBS. The cells were fixed in citrate-acetone-formaldehyde fixative for 1 min, washed three times with de-ionized water and incubated at room temperature for 15 min in the presence of alkaline dye under dark condition. The cells were rinsed again using de-ionized water, counterstained with neutral red and observed under inverted microscope (Nikon Inc., Tokyo, Japan) for AP staining. Cells with red stain were considered AP positive.
Expression of pluripotency and stem cell surface markers
Expression of pluripotency marker genes (OCT-4, NANOG and SOX-2), mesenchymal stem cell surface marker genes (CD29 and CD44) and haematopoietic marker (CD34) were analysed using reverse transcriptase PCR (RT-PCR). In brief, total RNA was extracted from AMSCs using the Cells-to-cDNA kit (Ambion Inc, The RNA Company, Austin, TX, USA) according to the manufacturers' instructions. The cells were washed with 200 ll ice cold PBS after which 50 ll of chilled cell lysis buffer was added and the mixture was incubated at 70°C for 10 min in a thermal cycler. Genomic DNA was degraded by incubating the cell lysates in DNase-I at 37°C for 30 min and the remaining activity of DNase-I was inactivated by heating at 75°C for 5 min. For cDNA synthesis, 10 ll of the cell lysates (RNA), 4 ll dNTP mix (2.5 mM each dNTP) and 2 ll random decamer were put in a PCR tube. The reaction mixture was mixed and incubated at 70°C for 1 min to denature RNA for easier binding of primer in a thermal cycler. The tubes were cooled immediately on ice and remaining reverse transcriptase reagents i.e. 2 ll 10X RT buffer, 1 ll MMLV and 1 ll RNase inhibitor were added. The reaction mixture was again mixed and incubated in a thermal cycler at 42°C for 60 min and 95°C for 10 min to inactivate the reverse transcriptase. The synthesized cDNA was stored at -80°C until used for amplification step.
PCR reaction was carried out in a 50 ll final volume containing 45 ll platinum PCR supermix (Invitrogen, Carlsbad, CA, USA) and 5 ll of primer (200 nM each, Sigma, St. Louis, MO,USA) and template DNA solution. A set of reaction without template cDNA was used as negative control for PCR reaction. GAPDH was used as the reference gene. The primer sequences used for GAPDH, OCT4, NANOG, SOX2, CD29 CD44 and CD34 are mentioned in Table 1 . The PCR conditions were the same except for the annealing temperature (Table 1) , as 94°C for 2 min (initial denaturation), denaturation at 94°C for 30 s, elongation at 72°C for 1 min (35 cycles). The amplified DNA fragments were resolved on 2 % agarose gel containing 0.5 lg/ml ethidium bromide against a 50-bp ladder and visualized under gel documentation system (Alpha Imager, Alpha Innotech, San Leandro, CA, USA).
In vitro induced differentiation
For differentiation, cultured cells were detached by trypsinization, centrifuged and then cultured in lineage-specific differentiation media for 3 weeks. The cells were seeded in tissue culture grade six-well plates. To induce adipogenic differentiation, the cells were cultured in DMEM supplemented with 10 % FBS, 1 lM dexamethasone, 500 lM isobutylmethylxanthine, 60 lM indomethacin and 5 lg/ml insulin. The presence of intracellular lipid globules indicative of adipogenic differentiation was assessed by staining cells with oil red O solution on day 21. The medium was replaced twice a week. Chondrogenic differentiation was induced in confluent monolayer cultures of AMSCs using a specific chondrogenesis differentiation kit (StemPro, Invitrogen). Differentiated cells were stained with alcian blue 8GX (Sigma-Aldrich) on day 21. For osteogenic differentiation, DMEM supplemented with 10 % FBS, 100 nM dexamethasone, 50 lM ascorbic acid and 10 mM b-glycerol phosphate was used. The differentiation of cells was assessed morphologically and they were stained with alizarin red which indicates the calcium mineralization in cells. Non induced control cells were cultured for the same time in standard control medium (DMEM supplemented with 15 % FBS, 1 % non-essential amino acids, 1 % vitamins, 1 % pen/strep/amp).
Preparation of donor cells
Donor cells (FFs and AMSCs) at 3-4 passage were employed for NT. After a minimum of 1 week of cryopreservation, one vial of cryopreserved cells was thawed at 37°C in a water bath for approximately 15 s, then transferred into centrifuge tube and the cells were suspended in the same growth medium as described for isolation and primary expansion. To remove the cryoprotectants, the contents were centrifuged twice at 2009g for 10 min and the pellet was dissolved and cultured in a 25 cm 2 culture flask with culture medium for 2-3 days before use as donor cells. A small fraction of cells was used to evaluate the cell viability with trypan blue dye exclusion method and counting live (not accepting stain) and dead (stained) cells using hemocytometer under phase contrast microscope (Nikon, Tokyo, Japan). Immediately before use, the proliferated donor cells were harvested by trypsinization and washed by centrifugation and resuspended in T20 media (T denotes HEPES modified TCM-199 supplemented with 2.0 mM L-glutamine, 0.2 mM sodium pyruvate, 50 lg/ml gentamicin and the following 20 number denotes 20 % FBS) for use as nucleus donor cells.
Collection of oocytes
Ovaries from reproductive organs of apparently healthy adult buffaloes were collected from abattoir within 30 min of slaughter and were washed three times with warm isotonic saline (35-37°C) containing 400 IU/ml penicillin and 500 lg/ml streptomycin and transported to the laboratory within 4-6 h. Aspiration of cumulus oocyte complexes (COCs) were performed as described earlier by Sadeesh et al. (2014a) . The aspirated oocytes were washed four to six times with the washing medium which consisted of TCM-199 with 10 % FBS, 0.09 mg/ml sodium pyruvate, 0.1 mg/ml L-glutamine and 50 lg/ml gentamicin. The COCs having a compact and unexpanded cumulus mass with equal to or greater than three layers of cumulus cells and homogenous granular ooplasm were selected for in vitro maturation. In vitro maturation (IVM)
The IVM of COCs was performed as described earlier by Sadeesh et al. (2014b) . In brief, the COCs were subjected to maturation in IVM medium consisting of TCM-199 ? sodium pyruvate (0.80 mM) ? L-glutamine (2 mM) ? 10 % FBS ? 5 % follicular fluid ? PMSG (20 IU/ml) ? hCG (10 IU/ ml) ? gentamicin (50 lg/ml). The pH of the medium was adjusted to 7.4 and filtered through 0.22 lm membrane filter immediately before use. The COCs were washed several times with IVM medium and groups of 15-20 COCs were placed independently in 100 ll droplets of IVM medium covered with sterilized mineral oil in 35 mm Petri dishes and cultured for 21 h under 5 % CO 2 at 38.5°C.
Preparation of recipient cytoplast and hand-made cloning (HMC)
The recipient cytoplast preparations from in vitro matured oocytes (cumulus/zona removal and manual enucleation) and the procedures for HMC were performed using standard protocols as described earlier (Shah et al. 2008 ).
Embryo culture
In vitro culture of NT embryos was performed according to the methods described previously (Sadeesh et al. 2014a) . In brief, the activated embryos were cultured in 400 ll of Research Vitro Cleave medium (K-RVCL-50, Cook, Brisbane, QLD, Australia) supplemented with 1 % fatty acid-free (FAF) BSA in a four well dish (15-20 embryos/well) covered with mineral oil and kept undisturbed in a humidified CO 2 incubator at 38.5°C. Embryo production rate was examined under inverted microscope (Nikon Inc., Tokyo, Japan) to record the number of cleaved embryos at 48 h post-activation (h.p.a), percentage of embryos with 8-to 16-cells at 94-96 h.p.a and blastocyst formation at 168-192 h.p.a. Blastocysts were stained with Hoechst 33342 for 1 h and the total number of their nuclei was counted as described earlier by Saikhun et al. (2004) .
In vitro embryo production through in vitro fertilization
In vitro maturation
The COCs having a compact and unexpanded cumulus mass cells and homogenous granular ooplasm were subjected to IVM for 24 h in the previously mentioned IVM medium.
Sperm capacitation
Spermatozoa were capacitated using Brackett and Oliphant medium (BO; Brackett and Oliphant 1975) . Semen was obtained from the semen lab of Central Institute for Research on Buffaloes (Hisar, India). In all experiments, frozen semen from the same bull was used. Frozen semen from buffalo bulls stored in 0.25 ml straws was thawed in water bath at 37°C for 1 min. Spermatozoa were washed twice at 2500 rpm for 5 min using semen washing solution of BO medium supplemented with 10 lg/ml heparin, 137 lg/ml sodium pyruvate and 1.942 mg/ml caffeine sodium benzoate. The pellet was resuspended in around 0.5 ml of the washing BO medium and the sperm number was counted using hemocytometer and number of spermatozoa were adjusted to be 2 9 10 6 /ml.
In vitro fertilization procedure
For in vitro fertilization, matured oocytes were washed twice in oocytes washing solution of BO medium and transferred to 50 ll droplets of capacitation and fertilization BO medium (Washing medium supplemented with 10 mg/ml of FAF-BSA). The spermatozoa in 50 ll of the capacitation and fertilization BO medium were then added to the droplet containing oocytes, covered with sterile mineral oil and placed in CO 2 incubator at 38.5°C for 18 h for in vitro fertilization.
Embryo culture
The activated embryos were cultured using the same culture protocol as described for the NT embryos and the number of cleaved embryos, 8-to-16-cell and blastocyst stages at 48 h post-insemination (h.p.i), 94-96 h.p.i and 168-192 h.p.i, respectively, were recorded. Blastocysts were stained with Hoechst 33342 for 1 h and the total number of their nuclei was counted as described earlier by Saikhun et al. (2004) .
Gene expression analysis in embryos
Isolation of total RNA, complementary DNA synthesis and RT-PCR analysis
Morphologically normal 8-to 16-cell and blastocyst stages NT and IVF embryos were separately treated using a Cell-to-cDNA kit (Ambion Inc, The RNA Company, Austin, TX) according to the manufacturers' protocol immediately after taking photographs. Ten-12 embryos at 8-to 16-cell stage and five to six embryos at blastocyst stage were analysed in each group in a trial (n = 6). The embryos were washed with 200 ll ice cold PBS after which 50 ll of chilled cell lysis buffer was added and the mixture was incubated at 75°C for 10 min in a thermal cycler. Genomic DNA was degraded by incubating the cell lysates in DNase-I at 37°C for 30 min and the remaining activity of DNase-I was inactivated by heating at 75°C for 5 min. For cDNA synthesis, 10 ll of the cell lysates (RNA), 4 ll dNTP mix (2.5 mM each dNTP), 2 ll random decamer were taken in 200 ll PCR tube. The reaction mixture was mixed and incubated at 70°C for 1 min to denature RNA for easier binding of primer in a thermal cycler, the tubes were cooled immediately on ice and the remaining reverse transcriptase reagents were added: 2 ll 10X RT buffer, 1 ll MMLV reverse transcriptase and 1 ll RNase inhibitor. The reaction mixture was again mixed and incubated in a thermal cycler at 42°C for 60 min and 95°C for 10 min to inactivate the reverse transcriptase. The synthesized cDNA was stored at -80°C until used for amplification step.
Real-time PCR for relative quantification
Real-time PCR (Applied Biosystems 7500 Real-Time PCR system) was performed using SYBR green qPCR supermix (Invitrogen SYBR Green qPCR supermix: Carlsbad, CA, USA) as a double-standard DNA specific fluorescent dye in 25 ll reaction to assess the gene expression of OCT4, NANOG, HDAC2, DNMT1, DNMT3A, IGF2, IGF2R, BAX, BCL2, MnSOD and GLUT1. Validation studies were performed using GAPDH as the reference control and GAPDH expression was consistent across various stages between embryos derived from NT and IVF. All genes of interest were analysed in triplicate with different samples. The amplification was carried out in 25 ll volume reaction mixture containing 12.5 ll of SYBR Green qPCR mastermix, 1 ll of primer (10 pM each forward and reverse primer), 2 ll of cDNA template and 9.5 ll of nuclease free water. Samples not exposed to reverse transcriptase (RT) were used as negative controls. For PCR, samples were activated at 95°C for 10 min, followed by 40 cycles of denaturation at 95°C for 45 s, then annealing at the specific primer annealing temperature (Table 1) for 30 s and extension at 72°C for 30 s. The comparative CT method was used for relative quantification of target gene expression levels. Quantification was normalized to the internal control GAPDH gene. Within longlinear phase region of the amplification curve, each cycle doubled the amplified product. The DCT value was determined by subtracting the GAPDH CT value for each sample from the target gene CT value. Calculation of DDCT value involved using the highest sample method DCT as an arbitrary constant to subtract from all other DCT samples values. Fold changes in relative mRNA expression of the target genes were determined using the formula 2 -DDCT .
Experimental design
The present study comprised of four experiments. In Experiment 1, isolation and characterization of buffalo FFs were evaluated. In Experiment 2, isolation and characterization of buffalo AMSCs for the developmental pluripotency by pluripotency, mesenchymal cell surface makers and multilineage differentiation were evaluated. In Experiment 3, the suitability of FFs and AMSCs as nuclear donors was assessed by comparing the developmental rate and total cell number. In experiment 4, the gene expression patterns in NT embryos reconstructed with FFs and AMSCs were examined. Embryos produced by in vitro fertilization were used as control.
Statistical analysis
Data were analysed using the GraphPad Prism (version 6.05). Experimental results were presented as mean ± SEM. Data were subjected to analysis of variance and the Tukey test was used to separate the means (P \ 0.05) that were considered statistically significant.
Results
Isolation, culture and characterization of FFs
The FFs derived from buffalo fetal skin started emerging and anchoring to cell culture flasks within 24 h after placing the minced tissue on re-calcified plasma drops. Majority of cells adhered to the surface of culture flasks. The attached cells expanded with spindle-shaped morphology resulting in primary cultures with the first confluency time of 4-5 days.
Representative photographs of cultured FFs are shown in Fig. 1a -d. Two biological (one at the early passage and one at the later cell culture passage) and three technical replicates were analysed. For cell type determination, the samples were examined using fluorescence microscopy after immunofluorescent staining.
Results of the fetal fibroblast cell lines were positive for vimentin and negative for keratin (Fig. 2) . Growth curve of these cells showed a typical ''S'' shape (Fig. 3a ). An adaptive phase was apparent after cells were seeded. This phase lasted about 2 days. The cells then entered a platform period, after which they showed a logarithmic growth period lasting 4 or 5 days. The population doubling time (PDT) was 41.4 h (Fig. 3b) .
Isolation, culture and characterization of AMSCs
The cells isolated from amnion were also cultured in the same condition as those isolated from fetal skin. The media were changed every 3-4 days. The initial growth of AMSC cultures at passage 0 (P0) consisted of two different heterogeneous populations; one with fibroblast-like morphology and the other with epithelial-like morphology. It was observed that growth of epitheliallike cells was slower than that of fibroblast-like cells. Upon trypsinisation and sub-cultivation, the epithelial like population disappeared from the culture and could no longer be found in subsequent passages. Representative photographs of cultured AMSCs are shown in Fig. 1e -h. The passaged cells exhibited higher growth rate, reaching a 95-100 % confluence 10 days after plating. As described in studies performed in other species, the cells grew with regular pace until passage 10 and then they started to slow down and growth was arrested at passage 15. Reduction of growth was accompanied by increasing cellular dimension and by changing morphology from spindle-shaped to flat suggesting senescence. Two biological (one at the early passage and one at the later cell culture passage) and three technical replicates were analysed. The growth curve of AMSCs (Fig. 3a) had the following characteristics: (1) in the first 2 days after inoculation the cells adhered to the tissue culture plates, (2) on day 3 the cells entered the logarithmic growth stage, (3) peak growth was on day 10, and (4) the population doubling time (PDT) was found to be 39.5 h (Fig. 3b) .
Characterisation of AMSC by alkaline phosphatase staining
Cell monolayer formed by buffalo AMSC showed alkaline phosphatase activity at different passages. The cells were found to stain positive for AP. The AMSCs showed ES cell-like cell properties by AP staining. The cultured AMSCs were stained red and were considered positive for AP expression (Fig. 4a) .
Characterization of AMSCs for pluripotency and mesenchymal stem cell surface markers
The expression of pluripotency markers (OCT4, NANOG and SOX2), mesenchymal stem cell surface markers (CD29 and CD44) and haematopoietic marker (CD34) genes was studied to characterize the AMSCs for stemness property. Agarose gel electrophoresis for analysis of RT-PCR products revealed PCR amplicons of 76, 182, 215, 169, 165 bp, respectively, of OCT4, NANOG, SOX2, CD29 and CD44 genes in buffalo AMSCs with GAPDH (131 bp) as housekeeping gene (Fig. 4b) expression of the haematopoietic stem cell marker CD34 was negative in AMSCs (Fig. 4b) .
In vitro differentiation potential of AMSCs
When AMSCs were cultured under adipogenic conditions, they differentiated into adipocytes and exhibited high intensity of oil red O stain in the cytoplasm of cells on the 21st day of post-induction, signifying the presence of lipid globules (Fig. 5a ). The chondrogenic potential of AMSCs was evaluated by in vitro culture of these cells in a specific serum-free chondrogenic medium. The accumulation of sulfated proteoglycans was visualized by alcian blue staining on the 21st day of post-induction (Fig. 5b) . When AMSCs were cultured in osteogenic differentiation medium, the cells started changing morphology after 8-9 days of incubation. The cells were stained with alizarin red on the 21st day of culture in osteogenic condition. The positive expression of alizarin red confirmed the presence of calcium deposits in differentiated cells (Fig. 5c ). Cells maintained in regular control medium did not stain positively in any of the groups.
Post-thaw cell viability
Viability of FFs and AMSCs was 97.42 and 96.27 % before cryopreservation and 86.48 and 84.53 % post thaw, as assessed by trypan blue dye exclusion method. The culture behaviour and morphology of freeze-thawed cells were similar to those of fresh cells
In vitro developmental ability of in vitro fertilized (IVF) and NT embryos from FFs and AMSCs
The SCNT and IVF embryonic development is presented in Fig. 6 . The cleavage rate was significantly (P \ 0.05) higher in IVF (82.6 ± 8.2 %) than in NT embryos from FF and AMSC (64.6 ± 1.3 and 72.3 ± 2.2 %, respectively). However, blastocyst rates in IVF and NT embryos derived from AMSCs did not differ (30.6 ± 2.7 and 28.9 ± 3.1 %, respectively) but were significantly (P \ 0.05) higher than NT embryos from FFs (19.5 ± 1.8 %). Total cell numbers did not show significant (P [ 0.05) differences between IVF and NT embryos derived from AMSCs (186.7 ± 4.2, 171.2 ± 3.8, respectively) but were significantly (P \ 0.05) higher than from FFs (151.3 ± 4.1) ( Table 2) .
Comparison of gene expression patterns in embryos derived from different origin
The relative abundance (RA) of the gene transcripts at the 8-to 16-cell, and blastocyst stages in IVF and NT embryos is shown in Fig. 7 . The RA of OCT4 transcript at the 8-to 16-cell and blastocyst stages, did not vary between FF and AMSC-NT embryos but was significantly (P \ 0.05) lower than in IVF embryos. The RA of NANOG transcript at the 8-to 16-cell and blastocyst stages, did not vary between FF and AMSC-NT embryos but was significantly (P \ 0.05) higher than in IVF embryos. For STAT3 transcript, differences between IVF and NT embryos were significant (P \ 0.05) at the blastocyst stage, where the levels were higher in AMSC-NT embryos. The DNMT1 levels at the 8-to 16-cell were significantly (P \ 0.05) higher in FF-NT embryos followed by AMSC-NT and IVF embryos, but there were no differences at the blastocyst stage. The RA of a1 a2 a3 b1 b2 b3 c1 c2 c3 a3 Fig. 6 In vitro development of buffalo IVF (a1-a3) and cloned embryos derived from fetal fibroblasts (b1-b3) and AMSCs (c1-c3). a1, b1, c1 8-cell stage embryo, a2, b2, c2 16-cell stage embryo, a3, b3, c3 blastocyst (50 lm) DNMT3A was high at the 8-to 16-cell stage in FF-NT embryos, where the differences were non significant (P [ 0.05) between IVF and AMSC-NT embryos.
Differences between IVF and AMSC-NT embryos were non significant (P [ 0.05) at the blastocyst stage, for which the levels were significantly (P \ 0.05) lower in FF-NT embryos. For HDAC2 transcript, at the 8-to 16-cell stage, for which no significant (P [ 0.05) variation was observed between NT embryos, was significantly (P \ 0.05) higher than in IVF embryos. No differences (P [ 0.05) were found between IVF and AMSC-NT embryos at the blastocyst stage, whereas lower levels were detected in FF-NT embryos. The IGF2 transcript level was significantly (P \ 0.05) higher at the 8-to 16-cell and blastocyst stages in IVF and FF-NT than in AMSC-NT embryos. The RA of IGF2R was high at the 8-to 16-cell stage in FF-NT embryos, whereas the differences were non significant (P[0.05) between IVF and AMSC-NT: no significant (P [ 0.05) differences were detected between IVF and NT embryos at the blastocyst stage. Significantly (P [ 0.05) higher RA of BAX was observed in FF-NT embryos, followed by AMSC-NT and IVF embryos in all stages. Transcript abundance of BCL2 was significantly (P [ 0.05) higher in IVF embryos at 8-to 16-cell stage as compared to NT. No significant (P [ 0.05) differences in the RA of BCL2 were observed between AMSC-NT and IVF embryos at the blastocyst stage, whereas lower levels were detected in FF-NT embryos. The RA of MnSOD was significantly (P \ 0.05) higher in IVF embryos at the 8-to 16-cell and blastocyst stages as compared to NT. No significant (P [ 0.05) differences in RA of GLUT1 transcript were observed between IVF and AMSC-NT embryos at the 8-to 16-cell stage, whereas higher levels were detected in FF-NT embryos. Differences between IVF and AMSC-NT embryos were non significant (P [ 0.05) at the blastocyst stage, whereas the levels were lower in FF-NT embryos.
Discussion
For successful SCNT, proper nuclear reprogramming in somatic cell genome by the recipient cytoplast is a must. The source of biological material has a great impact on the outcome of cloning experiments (Vajta 2007) . As far as cloning of buffalo is concerned, reconstruction of embryos remains one of the most tricky and challenging part of NT procedures, although NT has been performed in certain laboratories (Shah et al. 2008; Saha et al. 2012; Sadeesh et al. 2014a, b) . The success rate of obtaining live offspring from cloned buffalo embryos is still very low.
The State of the donor cell is one of the most important factors for cloning efficiency. Developmental abnormalities in cloned mammals are mainly due to abnormal epigenetic reprogramming of the donor genome (Li et al. 2003) . The competence of reprogramming by NT varies significantly for the different types of cells used. Yang et al. (2007) reported that the success of nuclear reprogramming decreases as donor cells become more differentiated. It has been hypothesized that the genome of undifferentiated cells, such as stem cells, may be more easily reprogrammed by the recipient oocyte. The relationship between donor cell differentiation status and NT success has been demonstrated in mice, with NT embryos derived from ES cells (Rideout et al. 2000; Eggan et al. 2001) showing significantly enhanced survival to term compared with those derived from somatic cell nuclei (Wakayama and Yanagimachi 1999) . However, Hochedlinger and Jaenisch (2002) obtained cloned mice from terminally differentiated, mature T and B-cells using a two-step method, but they never succeeded with a simple NT. Cloned mice were successfully obtained from the nucleus of natural killer T cell lymphocytes, a lymphocyte population in the same hematopoietic lineage, but not from peripheral T cells (Inoue et al. 2005) . Contrastingly, in vitro development of hematopoietic stem cells (HSC) cloned embryos was very poor and the birth rates per transfer were no better than those of clones from other somatic cell types such as cumulus, immature sertoli and fibroblast cells (Inoue et al. 2006) suggesting that the genome of HSC may have a lower genomic plasticity, at least in terms of the ability to be reprogrammed in the metaphase II cytoplasm after NT. This suggests that a cell in an undifferentiated state may be a suitable donor cell in animal cloning. Although ES cells may be successful for NT in mice, this process is limited in other species where definitive ES cells have not been established. Thus investigating other somatic stem cells used in NT is necessary. The developmental potential of the cloned embryos derived from amniotic fluid derived stem cells being higher than that of the cloned embryos derived from adult fibroblasts has previously been reported in pig (Zhao and Zheng 2010) and buffalo (Sadeesh et al. 2014a ). The possibility of using AMSCs as donors was explored in the present study in view of the very low overall cloning efficiency in buffalo.
After culturing for a few passages, purified fibroblasts were confirmed by immunofluorescent staining for vimentin and lack of keratin. This result is in agreement with Sadeesh et al. (2014a) . They reported that the somatic cells derived from the skin of buffalo were found to be of fibroblast origin as these expressed vimentin but not keratin. In the present work, fetal fibroblasts of skin tissue were successfully established using adherent culture methodology. The growth curves of these cells showed a typical ''S'' shape and the population doubling time was 41.4 h. Cell viability before freezing and after thawing was above 85 % for these cells which indicate that fetal fibroblasts have a greater tolerance to trypsin digestion and liquid nitrogen cryogenic preservation.
It is a well-known fact that mixed population of cells cultured from amniotic membrane in many species such as human, ovine, chicken, rat, equine and canine also displayed heterogeneous cell population (Marcus et al. 2008; Mauro et al. 2010; Bacenkova et al. 2011; Coli et al. 2011; Gao et al. 2012; Park et al. 2012) . In agreement with these reports, it was observed that cultured cells exhibited both spindleshaped fibroblasts and polygonal shaped epithelial cell-like morphology in vitro. In addition, it was found that growth was rapid at early passages up to 5-6 passages. A consistent level of cell proliferation is a distinct characteristic of stem cells. However, in the present experiments, cells stopped proliferating after 15 passages thus indicating non-optimized culture condition for these cells to proliferate continuously in vitro. The AMSC had a doubling time of 39.5 h which was comparable to the doubling time of bovine AMSCs . Another parameter that indicated the high proliferative property of the isolated cells was their growth curve characteristics. According to this calibrated curve plotted for AMSC, there was a short lag phase implying that the cells rapidly recovered from the damage which occurred during detachment by enzymatic treatment. A strong positive expression of AP staining was demonstrated in AMSCs. AP is a stem cell membrane marker, and elevated expression of this enzyme is associated with the undifferentiated pluripotent stem cell state. Most of the pluripotent stem cells, like ES and embryonal carcinoma cells, express AP activity (Shamblott et al. 1998; Hua et al. 2009 ).
Using species-specific primers, PCR amplicons of 76, 182 and 215 bp were observed for OCT4, NANOG and SOX2, respectively, in buffalo AMSCs. These results indicate that these cells were in an undifferentiated state. Expression of these pluripotency marker genes has previously been reported in amnion-derived cells of various mammalian species including rat (Marcus et al. 2008) , canine (Park et al. 2012 ) and chicken (Gao et al. 2012 ). In addition, reverse transcriptase PCR results indicated that AMSCs expressed the mesenchymal stem cells markers CD44 and CD29, but not haematopoietic surface markers such as CD34 as reported earlier in bovine . CD29 is an integrin unit involved in cell adhesion and CD44 is a multicellular and multifunctional marker involved in cell proliferation. The expression pattern of marker genes indicated that buffalo MSCs have an expression pattern which is characteristic of typical MSCs. Fibroblastlike appearing adherent MSCs isolated from buffalo amnion were successfully induced to multipotential differentiation into adipogenic, chondrogenic, and osteogenic lineages under specific culture conditions. The morphological features of MSCs were similar to the earlier observations of Corradetti et al. (2013) . It is widely accepted that multiple cell types can be derived by culturing AMSCs under appropriate conditions. Several laboratories have reported neural Ilancheran et al. 2007 , Tamagawa et al. 2008 , hepatic Ilancheran et al. 2007; Tamagawa et al. 2007 ), cardiac (Ilancheran et al. 2007; Tsuji et al. 2010) , osteogenic (Ilancheran et al. 2007; Bilic et al. 2008) , chondrogenic (Wang et al. 2010 ) and adipogenic (Ilancheran et al. 2007 ) differentiation of AMSCs. The multipotent developmental characteristics of AMSCs may increase buffalo cloning efficiency, if the undifferentiated state of the donor cells affects the success rate as observed with ES cell donors. However, there are no previously published reports on production of cloned embryos using buffalo AMSCs.
To our knowledge this is the first comparative study on the effects of FFs and AMSCs on embryo cloning in buffaloes. The results suggest that FFs and AMSCs can be reprogrammed via HMC to support the development of the resultant embryos to the blastocyst stage in buffalo. However, cleavage, blastocyst formation and mean cell numbers per blastocyst for cloned buffalo embryos derived from AMSCs were significantly (P \ 0.05) higher than those derived from FFs. This reveals that AMSCs were not similar to FFs in terms of cell cycle which may be because of the state of donor cells. Thus, these results support the notion that the source of the donor cells may be one of the most important factors in determining the success of NT (Miyoshi et al. 2003; Powell et al. 2004) . In general, due to the rapid growth and the potential for multiple cell divisions, FFs have been commonly used as nuclear donors in buffalo cloning. The blastocyst rate of buffalo embryos cloned with FFs is below the level of 25 % (Shah et al. 2009 ). These data are almost similar with our data showing that 19.5 % of cloned embryos with FFs develop to blastocysts. In the present study, the highest rate of blastocyts formation of the embryos cloned with undifferentiated MSCs as nuclear donor may increase cloning efficiency. Furthermore, the higher total cell number of embryos cloned with undifferentiated MSCs are of higher quality than embryos cloned with differentiated cells. This is consistent with porcine MSCs. MSCs have been successfully established, and these cells have been further employed as nuclear donors and significant differences in cleavage and blastocyst rates were found using MSCs as donor cell in porcine as compared to FFs ). This indicates that the phenomenon of epigenetic reprogramming can be made more efficient by the use of undifferentiated MSCs as these cells represent an intermediate stage between pluripotent ES cell stage and lineage restricted adult stem cells.
Qualitative or morphological assessment alone is not enough in providing an accurate and efficient estimation of embryo quality and embryonic developmental potential (Wrenzycki et al. 2004) . To the best of our knowledge, this is the first report comparing mRNA expression patterns of development-related genes among pre-implantation NT embryos from FFs and AMSCs in buffalo species. It is possible that gene expression analysis at different stages of preimplantation development in the present study might correspond to gene expression analysis before and after maternal to zygotic transition (MZT) between NT and IVF embryos. The genes under study were selected because they participate in key cellular processes during pre-implantation development and have been reported to become transcriptionally active during pre-implantation stage (Li et al. 2006; Amarnath et al. 2007; Wrenzycki et al. 2007 ). The genes evaluated include genes involved in pluripotency and transcription (OCT4, NANOG and STAT3); chromatin structure (HDAC2); DNA methylation (DNMT1 and DNMT3A); imprinting (IGF2 and IGF2R); pro-apoptosis (BAX); anti-apoptosis (BCL2); oxidative stress (MnSOD); metabolism (GLUT1).
Similar to the present study levels of OCT4 expression has previously been reported in bovine (Hall et al. 2005; Amarnath et al. 2007; Long et al. 2007; Zhou et al. 2008 ) and buffalo (Sadeesh et al. 2014b ) between cloned and IVF embryos. However, Daniels et al. (2000) , using bovine granulosa cells as donors, found dissimilar results. The present study demonstrated that OCT4 expression in NT embryos at the blastocyst stage was significantly (P \ 0.05) decreased as compared to IVF embryos. It has been reported that maintenance of the pluripotent state depends on keeping OCT4 expression between upper and lower limits. The loss of expression leads to trophectoderm differentiation while a higher level induces differentiation to mesoderm and endoderm (Nichols et al. 1998; Niwa et al. 2000) . It has also been opined that a low OCT4 expression level at the blastocyst stage is associated with the low developmental potential of NT embryos (Li et al. 2005) . The downregulation of OCT4 gene is considered to be a candidate marker for the low potential of NT embryos to develop into young ones (Kato and Tsunoda 2010) . These data indicate that an abnormal pattern of OCT4 expression in NT embryos might lead to their compromised developmental competence. In the current study, different transcription patterns of NANOG were observed between embryos with a higher abundance in IVF derived embryos. A low level of NANOG expression induces insecurity in the pluripotency of ES cells, considering that NANOG functions to maintain pluripotency in a dose-dependent manner (Hatano et al. 2005) . In addition, the expression of NANOG specifically corresponds to the pluripotent phenotype and, thus, is apparently present in the initial formation of the mouse blastocyst (Chambers et al. 2003) . These results may be an indication that the molecular mechanisms activating the initial transcription of NANOG during development are different from those regulating maintenance of its expression in the pluripotent cell. We hypothesize that a molecular understanding of the regulation of this gene in buffalo pre-implantation embryos would provide further insights into the maintenance of pluripotency. In the current study, a higher abundance of STAT3 was observed in NT embryos derived from AMSCs than from FFs. Up-regulation of STAT3 may influence cell proliferation (Zhu et al. 2004 ) and, interestingly, the results of the present experiments showed an increase in the number of cells at the blastocyst stage in IVF and also to some extent in AMSC-NT embryos in contrast to STAT3 down-regulation and low cell number in FF-NT blastocysts.
Earlier studies have revealed species-dependent expression patterns of DNA methyltransferases (DNMTs) genes in mammalian oocytes and preimplantation embryos (Vassena et al. 2005) , and also an association between incomplete DNA methylation and the lack of NT success in mammals (Dean et al. 2001; Bortvin et al. 2003; Chung et al. 2003) . Severely reduced transcript levels of DNMT1 have been reported in cloned than in IVF or parthenote bovine embryos by Golding et al. (2011) . The results of the present study revealed that as compared to IVF embryos the RA of DNMT1 transcript was significantly (P \ 0.05) increased in NT embryos. This indicated that buffalo NT embryos seemed to have unusually higher DNMTs mRNA transcripts than IVF embryos do, signifying that there existed relatively high levels of DNMTs activities during in vitro development for SCNT embryos (Suteevun et al. 2006) . These abnormal levels of embryonic methylation may be connected with reduced developmental potential of NT embryos. Expression of DNMT3A in AMSC-NT and IVF blastocysts was similar, whereas it was lower in FF-NT blastocyst. This suggests that differential DNMT3A mRNA levels in FF-NT embryos have serious implications for the pre-implantation development and result in the lower number of blastocyst formation of FF derived embryos. Whether the consistently low efficiency of NT is related to the inability of a somatic nucleus to undergo the normal changes in methylation as indicated by increased levels of DNMT1 or to the lack of de novo methylation triggered by low DNMT3A expression remains unclear in buffalo. However, further studies need to be carried out on the global levels of DNA methylation and histone acetylation in FF and AMSCderived NT embryos using IVF embryos as controls, before meaningful conclusions can be drawn in this species.
It is known that acetylation and deacetylation of the lysines in the tails of the core histones are controlled by the actions of two families of enzymes, histone acetyltransferases (HAT's) and histone deacetylases (HDACs). In general, histone acetylation is thought to facilitate transcription, and this effect is reversed by deacetylation which correlates with gene repression. Their dynamic balance regulates gene transcription and gene expression of eukaryotes at the DNA level. Some anomalous expression of HDACs has been observed in SCNT embryos (Suteevun et al. 2006; Li et al. 2008; Imsoonthornruksa et al. 2010; Lee et al. 2010) . In this study, at the blastocyst stage HDAC2 expression was similar for AMSC-NT embryos and IVF embryos, whereas a lower level was detected in FF-NT embryos. This might be an indication of failed reprogramming of inefficient FF nuclei after transfer in oocyte cytoplasm. According to Beyhan et al. (2007) , donor cell efficiency has great impact on the HDACs mRNA expression in SCNT embryos, and this might be the reason for the differential expression of HDACs in cloned blastocyst produced from different cell lines in these studies. Taken together, these results indicate that the donor genome was not reprogrammed to switch over the pattern of gene expression at the appropriate time from the somatic to the embryonic type following NT.
The IGF2 and IGF2R genes are among the best studied imprinted genes involved in fetal growth regulation and are essential for normal development. The IGF2 ligand is imprinted when inherited maternally and IGF2R is imprinted when inherited paternally (Latham et al. 1994 ). In the experiment, the expression of IGF2 and IGF2R transcripts was significantly (P \ 0.05) increased in IVF embryos as compared to NT counterparts. Alteration in mRNA expression of IGF-2 between NT-and IVF-derived blastocysts can be associated with inappropriate genomic imprinting because of differences in embryo production procedure (Wrenzycki et al. 2001 ). It appears to be biallelically transcribed up to the morula stage, but in the blastocyst stage the maternal IGF2 allele is silenced (Mizuki et al. 2001) . Thus, it appears that the NT embryos suffer a loss of imprinting and, therefore, overexpress IGF2. Furthermore, in vitro manipulation might induce epigenetic alterations in various developmentally important genes (Niemann et al. 2002) and studies have shown that such epigenetic mutations particularly affect the expression of genes which are regulated by genomic imprinting (Feil 2001) . This is consistent with the hypothesis of Haig and Graham (1991) which predicts that imprinting of growth factors such as IGF2 and IGF2R regulates embryonic growth in the mammals. However, information with regard to imprinting of these genes in buffalo is rare.
The pro-apoptotic BAX gene is used in the analysis of apoptosis in oocytes and embryos (Yang and Rajamahendran 2002; Opiela et al. 2008) . The data from the current study indicate that BAX expression was significantly (P \ 0.05) higher in NT embryos from FFs than in embryos from AMSCs and IVF, suggesting that over expression of the BAX gene, the cellular apoptotic pathway takes place (Yang and Rajamahendran 2002; Opiela et al. 2008 ). This nonregulation of BAX rnRNA expression could be a cause for the low quality of FF-NT embryos. BCL2 is considered to be an anti-apoptotic gene, and its expression level should be low when apoptotic incidence is high. The results of the present study also revealed that the expression level of BCL2 in FF-NT embryos was significantly (P \ 0.05) lower than that of IVF and AMSC embryos at the blastocyst stage. Yang and Rajamahendran (2002) demonstrated that good quality embryos have a greater concentration of BCL2 protein than that of BAX protein, whereas there is more BAX than BCL2 in lower quality embryos. The higher apoptotic incidence in NT embryos than in the IVF group may be attributed to the in vitro micromanipulation (Mcelroy et al. 2008) . The in vitro micromanipulation could cause cellular mechanical damage to some extent, resulting in higher apoptotic rate of buffalo NT-embryos compared with IVF embryos. This could be another demonstration that in vitro manipulation may reduce embryo development and increase the incidence of apoptosis (McElroy et al. 2008) .
Reactive oxygen species (ROS) are indicated as being one of the main factors responsible for the low production and poor quality of embryos produced in vitro (Takahashi et al. 2000) . It has also been observed that physiological levels of ROS are necessary for normal regulation of cell growth and development (Hancock et al. 2001 ). The MnSOD is an important enzyme involved in the protection against ROS. The aberrant expression of this gene at the 8-to 16-cell, and blastocyst stages in NT embryos suggests that NT embryos fail to establish an appropriate embryonic MnSOD expression pattern. Our results are contradictory to Kim et al. (2012) . They reported no differences in the expression levels of MnSOD between bovine NT and IVF embryos. This divergence among experiments may be due to different protocols used to produce and culture embryos and due to different methods to assess gene expression profile.
The cellular glucose incorporation into embryonic cells is mediated by GLUT1 and its expression has been detected during the entire pre-implantation period (Lequarre et al. 1997; Bertolini et al. 2002) . There were significant differences in the expression of GLUT1 between the NT and IVF embryos. Studies in mouse model suggest that with in vivo embryos, GLUT1 decreased 50 % in in vitro blastocysts (Morita et al. 1992) . These reports suggest that viable embryos have higher GLUT1 expression. The decrease in the relative expression of GLUT1 in FF-NT blastocyst supports the notion that FF-NT embryos are inferior to IVF embryos in their ability to develop them. Decreased glucose transporter expression triggers BAX-dependent apoptosis in murine blastocysts (Chi et al. 2000) . Therefore, it is possible that the low level of GLUT1 expression observed in the present study in FF-NT embryos is related to higher levels of apoptotic incidence in these embryos at the blastocyst stage.
In conclusion, it was demonstrated in the present study that buffalo AMSCs exhibit high proliferation rates and multilineage differentiation potential. The NT embryos reconstructed with AMSCs show enhanced developmental potential as compared to those reconstructed with FFs, with a significantly higher proportion of embryos reaching the blastocyst stage. High total cell number was associated with NT embryos derived from AMSCs. Additionally, the variations in the RA of target transcripts between IVF and NT embryos may support the fact in buffalo, that the method of embryo generation has considerable influence on the transcriptional levels of the resulting embryos at different stages of development as reported earlier in bovine (Farin et al. 2004; Wrenzycki et al. 2004; Alvarez et al. 2010) . In these studies, the RA of target transcripts in AMSC-NT embryos more closely followed that of the IVF derived embryos as compared with FF-NT embryos. The different expression levels of these genes have serious implications for the subsequent development of NT-derived embryos produced from these two types of cells because this was further supported by the results of an enhanced pre-implantation development with increased cell number in AMSC-NT embryos as compared to the FF-NT counterparts. The low developmental competence of pre-implantation FF-NT embryos may, at least in part, be due to inadequate reprogramming leading to defects in early embryonic gene expression. Further, it is likely that the abnormal expression of target transcripts had a collective effect and was accountable, at least to some extent, for the lower developmental potential of FF-NT embryos when compared with AMSC-NT and IVF embryos. Therefore, these results suggest that the developmental potential of the AMSC-NT embryos was higher than that of the cloned embryos derived from FF which may be due to the fact that AMSC with relatively undifferentiated genome reprogrammed more efficiently to reactivate expression of early embryonic genes.
